Accurate age estimation is important for stock assessment and management. The importance of reliable ageing is emphasized by the impending analytical assessment of whiting (Merlangius merlangus) in the Baltic Sea. Whiting is a top predator in the Western Baltic Sea, and is fished commercially although less extensively compared to the North Sea. Even though the species is considered one of the most difficult gadoids to age, few efforts have been made to shed light on the ageing problems. The aim of the present study was to identify and validate the 1 st winter ring and to examine the visibility of the subsequent winter rings. Microstructure analysis was used to confirm the 1 st winter ring. Additionally, otolith growth trajectories were obtained, confirming the allometric growth seen in many fish species. The method for ageing of whole otoliths presented in this study can be directly implemented in future ageing of whiting otoliths from the Baltic Sea -and potentially also adjacent areas where the conspecifics have similar growth rates.
Introduction

23
Whiting (Merlangius merlangus) is a commercially fished species throughout most of its 24 distribution range. The increasing importance of the species in the North Sea and the Skagerrak 25 is seen in the catches which have increased concomitantly with a decrease in catches of other 26 gadoids such as cod (Gadus morhua) and haddock (Melanogrammus aeglefinus) (Anon. 27 2012a/b). In the current EU directive regarding sampling of commercially important species, it is 28 only obligatory to collect whiting in the North Sea, Kattegat and Skagerrak (EU 2010).
29
Analytical assessment is, currently, only conducted for whiting in the North Sea.
30
Acknowledging that whiting is a top predator in the western Baltic Sea, it is important to 31 investigate its role, i.e. life-history traits, ecology and population dynamics. Such information 32 can be used in multispecies modeling and for potential future analytical assessment. This 
55
The otoliths of whiting exhibit a similar annulus pattern as seen in many other fish species with a 56 broad opaque zone forming during the growth season (spring-summer) and a narrow translucent 57 zone during the period of reduced growth (winter) (Bowers 1954 decrease and during summer they increase (Campana 2001 ).
156
The ground otolith sections were viewed under a microscope (Leica DMLB) at a 10x 157 magnification corresponding to 0.46 µm pixel -1 using reflected light in a standardized set-up. 
Results
190
Comparison of D Traditional and D Ground
191
The central area of the whiting otolith is thick and the zones less distinctive ( fig. 4a ).
192
Comparison of whole and ground otoliths showed that the first annulus becomes increasingly The 2 nd annulus was not difficult to distinguish in the whole otoliths investigated in this study, The daily increment widths generated a dome-shaped pattern with increasing widths during 214 summer, where the fish grows, and decreasing widths during winter, when growth is stalled ( fig.   215 6a). The increment widths become very narrow, but they never disappear completely ( fig. 6b) .
216
By applying a fifth degree polynomial trend line to each growth profile, the midpoint of the area 217 of consistently decreasing increment widths was identified visually and the distance from from the nucleus to the 1 st annulus, which was found to be 3600 µm.
230
Growth trajectories
231
The otoliths from the larger fish all showed a consistent winter ring pattern with decreasing 232 distances between the annuli ( fig. 7, The development in the opacity of the edge zone followed a seasonal pattern, although Nevertheless, the opaque zones were difficult to distinguish in two out of the fifteen otoliths, and 252 grinding was necessary to ensure that the ageing was correct. 
272
This conclusion was supported in the present study which showed that from the 2 nd winter ring 273 and onwards, the annuli were always visible.
274
In accordance with earlier studies (Bowers 1954; Gambell & Messtorff 1964) , the edge 
286
The increment widths became successively narrower during winter, but never ceased completely from adjacent areas should be conducted to investigate this further.
292
The 1 st annulus was identified in 0 to 3-group fish by applying microstructure analysis which 293 confirmed the first translucent zone to be a winter ring associated with low water temperatures.
294
In some of the otoliths a translucent zone approximately 1500 µm from the nucleus was where microstructure analysis may reveal its nature.
306
The distance from the nucleus to the 1 st winter ring showed large variation, the same applied to 307 the succeeding winter rings (table 1) . Whiting is a batch spawner, and in the North Sea and the 
313
Whiting from the present study were capable of growing up to 20 cm within the first year of life.
314
The rapid growth was also confirmed by the otolith growth trajectories which showed large 315 otolith growth during the first year and then decreasing growth in the succeeding years ( fig. 7 ).
316
Bowers (1954) noted that from the second year and onwards, the growth is more moderate, i.e. 5-
317
6 cm per year in Irish Sea whiting.
318
In most marine fish species, the initial growth is determining for growth later in life, hence a fish 319 with a low growth rate in the first year will usually have slow growth throughout its life span 
326
The fact that the ranges of the winter rings overlapped (table 1) visual annulus of the whole otoliths is plotted as this in reality corresponds to the 2 nd annulus).
484
Whole otoliths are shown with black dots and ground otoliths with red triangles. 
